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Purpose: A recent study suggests that transcranial brain targeted light treatment via ear 
canals may have physiological effects on brain function studied by functional magnetic 
resonance imaging (fMRI) techniques in humans. We tested the hypothesis that bright 
light treatment could improve psychomotor speed in professional ice hockey players. 

Methods: Psychomotor speed tests with audio and visual warning signals were 
administered to a Finnish National Ice Hockey League team before and after 24 days of 
transcranial bright light or sham treatment. The treatments were given during seasonal 
darkness in the Oulu region (latitude 65 degrees north) when the strain on the players 
was also very high (10 matches during 24 days). A daily 12-min dose of bright light 
or sham (n= 11 for both) treatment was given every morning between 8 and 12 am 
at home with a transcranial bright light device. Mean reaction time and motor time 
were analyzed separately for both psychomotor tests. Analysis of variance for repeated 
measures adjusted for age was performed. 

Results: Time x group interaction for motor time with a visual warning signal was 
p = 0.024 after adjustment for age. In Bonferroni post-hoc analysis, motor time with a 
visual warning signal decreased in the bright light treatment group from 127 ± 43 to 
94 ± 26 ms (p= 0.024) but did not change significantly in the sham group 121 ± 23 vs. 
110 ± 32 ms (p = 0.308). Reaction time with a visual signal did not change in either group. 
Reaction or motor time with an audio warning signal did not change in either the treatment 
or sham group. 

Conclusion: Psychomotor speed, particularly motor time with a visual warning signal, 
improves after transcranial bright light treatment in professional ice-hockey players during 
the competition season in the dark time of the year. 
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INTRODUCTION 

Bright light treatment has various positive psychophysiologi- 
cal effects. An acute improvement of cognitive performance in 
healthy subjects at night (Campbell and Dawson, 1990; Badia 
et al, 1991; Daurat et al., 1993; Cajochen et al, 2000; Lockley 
et al., 2006) and during the day (Phipps-Nelson et al, 2003; 
Ruger et al., 2006). Recently, Chellappa et al. showed that cogni- 
tive performance, and particularly reaction time, in healthy young 
men is improved acutely by blue-enriched bright light treatment 
(Chellappa et al, 2011). 

Timonen et al. raised the question of whether non-visual 
effects of light (like improved reaction time) could be partly 
mediated via a non-retinal pathway (Timonen et al., 2012). 
Ten out of 13 patients suffering from seasonal affective disor- 
der (SAD) achieved full remission after 4 weeks of transcranial 
brain-targeted bright light treatment via the ear canals (Timonen 
et al, 2012). A significant amount of light does penetrate the skull 



bone and reaches the brain in mammals (Ganong et al, 1963). 
Very recently it has been suggested that a new mechanism of 
direct, non-visual photoreactivity of the brain occurs via several 
naturally expressed, inborn opsin genes which have been found 
to express in mRNA and protein levels in mouse and human 
brains (Blackshaw and Snyder, 1999; Kojima et al., 2011; NissUa 
et al., 2012). As evidence of brain reactivity to non-visual light, 
Starck et al. showed that immediate transcranial bright light treat- 
ment increased resting state brain activity of secondary visual and 
sensorimotor networks when compared with sham treatment in 
healthy subjects studied by means of functional magnetic reso- 
nance imaging (fMRI) (Starck et al., 2012). Intriguingly, the same 
visual and sensorimotor networks show altered resting state activ- 
ity in subjects suffering from winter-type SAD, triggered annually 
by darkness (Abou Elseoud et al, 2014). 

Psychomotor performance is an important determinant of 
performance in sports, specifically in those requiring fast decision 
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making and execution skills. Also, particularly in professional 
sports, high strain due to the extremely busy competition sched- 
ule may result in decreased cognitive performance as an early 
marker of overreaching (Nederhof et al, 2006, 2007; Hynynen 
et al., 2008). Overreaching is a condition when "immediately 
after the period of overload training performance will usually be 
impaired" and recovery to the normal performance level last days 
to weeks (Nederhof et al, 2007). The suggested marker of over- 
reaching is psychomotor slowness, measured with motor time 
and reaction time tests (Nederhof et al., 2006, 2007). High physi- 
ological and psychological strain due to consecutive competitions 
together with seasonal darkness may further affect cognitive 
performance in athletes (Rosen et al., 1996). 

Based on the alterations of baseline brain activity in the rest- 
ing state in response to both increased light and a lack of light 
in the visual and sensorimotor networks, we hypothesized that 
sensorimotor function might be affected by ear light treatment. 
The aim of this study was to evaluate the effects of transcranial 
bright light treatment via the ear canals on cognitive performance 
in professional ice hockey players during the competition season. 
The bright light and sham interventions were organized during 
a very busy competition schedule during the dark time of the 
year (October 2011) — both components potentially resulting in 
overreaching. Secondly, we wanted to perform the study with 
one professional athletic team, since potential confusing factors 
like training load, competitions, and travel are virtually identi- 
cal within the team. The treatments were given every morning 
throughout the study period and the protocol of the study was 
randomized, double-blind, and placebo-controlled. 

METHODS 

SUBJECTS AND STUDY PROTOCOL 

Psychomotor speed tests with audio and visual warning signals 
and a memory test were administered to a Finnish National 
Ice Hockey League team (Oulvm Karpat, players' age 25 ± 5, 
range 17-33 years) before and after 24 days of bright light or 
sham treatment. The study protocol consisted of a randomized, 
double-blind, placebo-controlled study design. The subjects were 
randomized into treatment (n = 11, 25 ± 6 years, weight 88 ± 
8 kg, and height 184 ± 6 cm) and placebo (n = 11, 24 ± 4 years, 
weight 85 ± 6 kg, and height 180 ± 7 cm) groups. The interven- 
tions were performed during seasonal darkness (October 2011) 
in the Oulu region (latitude 65 degrees north) when the strain 
on the players was also very high (10 matches during 24 days). 
All the subjects gave written informed consent and the investiga- 
tion conforms with the principles outlined in the Declaration of 
Helsinki. The study was performed according to the Declaration 
of Helsinki, the local committee of research ethics of the Northern 
Ostrobothnia Hospital District approved the protocol, and all the 
subjects gave written informed consent. Trial has not been reg- 
istered in Clinical Trials because intervention was not used to 
modify a health outcome. 

BRIGHT LIGHT TREATMENT 

The brain-targeted bright light treatment or sham treatment was 
given transcranially via ear canals by using the VALKEE NPT 
1100 bright light device (Valkee Ltd, Oulunsalo, Finland). The 



device was approved as a medical device in the European Union 
on 30 March 2010 (certificate no VTT-C-7657-01-1143-461-11). 
The ability of the sham device to produce light was eliminated. 
Otherwise the sham device worked exactly the same way as the 
bright light device. In order to create a real sham design, the 
subjects were told that effective/treating wavelengths of light are 
not necessarily visible and it is not possible to decide externally 
whether the treatment device is a sham or not. The blue-based 
white light was produced by light- emitting diodes (LEDs) which 
were attached to earplugs. In order to optimize treatment adher- 
ence, daily light treatment or sham treatment was taken at home 
between 8 am and noon. Each treatment session lasted 12 min 
which is a recommended treatment time by Valkee Ltd. The 
duration of treatment was based on previous observations on 
effectiveness of bright light therapy via ear canals on mental 
wellness (Timonen et al., 2012). 

PSYCHOMOTOR MEASUREMENTS 

An experienced psychologist conducted all the psychomotor 
tests (Eka Roivainen). The speed tests were administered with 
a Vienna Test System (Schuhfried GmbH, Moedling, Austria) 
and the memory test with a Cantab Test (Cambridge Cognition, 
Cambridge, United Kingdom) at Verve in Oulu, Finland. The tests 
were administered to each individual at the same time of day 
before and after the intervention. The testing procedure started 
with a simple reaction time test. The Vienna Test System's sim- 
ple reaction time test assesses reaction time and motor time 
in response to simple visual or acoustic signals (Figure 1). The 
subjects were instructed to press a reaction key when specific 
stimuli were presented and, having pressed the key, to return their 
finger immediately to the rest key. Mean reaction time (stimu- 
lus onset-reaction key pressed) and mean motor time (rest key 
released-reaction key pressed) were measured (the mean values 
for 28 warning signals from both tests). In the first part of the test 
the stimulus was a yellow light, and in the second part, an acoustic 
stimulus — a beep. Reaction time and motor time were analyzed 
separately for both tests. The subjects were then presented a work- 
ing memory test. The Cantab Spatial Span Test assesses working 
memory capacity. In this test white squares were shown on the 
computer screen. Some of the squares changed color in a variable 
sequence. Then the subject had to touch the same squares in the 
same order as displayed. The outcome measure was simply span 
length (2-9 boxes). 

QUALITY OF SLEEP 

The quality of sleep (scale: 0-10) was studied every morning at 
home using a visual analog scale (VAS). 

STATISTICS 

Standard statistical methods were used to calculate means, stan- 
dard deviations, and standard errors. Normal Gaussian distri- 
bution of the data was verified by the Kolmogorov-Smirnov 
goodness-of-fit test (z > 1.0). The effect of bright light treat- 
ment on each variable was assessed using analysis of variance 
for repeated measures with time x group and interaction (SPSS 
19.0 for Windows). The analysis was done with and without an 
appropriate covariate (age). Age was used as a covariate since it is 
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FIGURE 1 I Psychomotor performance test. The subjects were instructed 
to press a reaction key when specific stimuli were presented and, having 
pressed the key, to return their finger immediately to the rest key. Mean 
reaction time (stimulus onset-reaction key pressed) and mean motor time 
(rest key released-reaction key pressed) were measured (the mean values 
for 28 warning signals from both tests). In the first part of the test the 
stimulus was visual (a yellow light), and in the second part, an acoustic 
stimulus (a beep). 



known to have an effect on motor and reaction times. Significant 
differences were further assessed using Bonferroni post-hoc test. 
Relative changes in psychomotor test values were also calculated 
and group-differences were tested by independent f-test followed 
by adjustment for age (ANCOVA). 

RESULTS 

PSYCHOMOTOR MEASUREMENTS 

The results of the psychomotor tests are shown in Table 1. 
Group X time interaction for motor time was p = 0.055 without 
adjustment and p = 0.024 after adjustment for age (Figure 2). 
According Bonferroni post-hoc test, motor time with a visual 
warning signal decreased in the bright light treatment group 
(p = 0.024) and did not change in the placebo group {p = 0.308). 
The relative changes in the motor time with visual stimulus 
were —24 ± 16% and — 10 ± 15% for treatment and placebo 
groups, respectively (p = 0.044, p = 0.023 adjusted for age). 
There were no significant changes in any parameters during the 
audio warning test or the memory test. 

QUALITY OF SLEEP 

The mean quality of sleep VAS scores during the treatment period 
were 6.3 ± 1.9 and 6.8 ± 1.9 for the treatment and sham groups, 
respectively {p = 0.582). The mean quality of sleep score during 
the first and last weeks were 6.3 ± 2.2 vs. 6.5 ± 2.0 and 6.9 ± 
1.6 vs. 6.6 ± 1.7 for the treatment and sham groups, respectively 
(interaction p = 0.530). The quality of sleep analyzed over the 
whole measured period or the change in quality of sleep from 
the first to the last week did not correlate with any measured 
psychomotor variables. 

DISCUSSION 

The novel finding of the present study is that daily transcranial 
bright light treatment improves motor time with a visual warning 
signal in professional ice-hockey players measured in laboratory 
conditions. The finding is in line with altered resting state activ- 
ity in both visual and sensorimotor networks, shown to occur 
during immediate light treatment and during repetitively occur- 
ring darkness-related SAD (Starck et al., 2012; Abou Elseoud 
et al., 2014). The daily bright light treatment was administered 



during the darkest time of the year (October 30; sunrise 8:02 
am and sunset 16:00 pm with 55min of twilight) and during 
the busy competition season (10 matches during 24 days), both 
potentially resulting in psychomotor slowness as an early marker 
of overreaching. The memory test expressing executive cognitive 
performance did not change in the present study, which is in line 
with a previous study performed with blue-enriched conventional 
bright light treatment (Chellappa et al, 2011). Interestingly, the 
auditory cued reaction speed was not altered after light treat- 
ment, matching perfectly the fMRI results showing no reactivity 
to either immediate light treatment or darkness SAD (Starck et al., 
2012; Abou Elseoud et al, 2014). 

POTENTIAL PHYSIOLOGICAL MECHANISMS 

It is widely accepted that conventional bright light treatment 
improves acutely cognitive performance, and particularly motor 
and reaction times, in healthy populations (Campbell and 
Dawson, 1990; Badia et al, 1991; Daurat et al, 1993; Cajochen 
et al, 2000; Phipps-Nelson et al, 2003; Lockley et al, 2006; Ruger 
et al, 2006; Chellappa et al., 2011). Despite very weU documented 
effects of bright light exposure on performance, we were not able 
to find any studies concerning the effects of bright light treatment 
on cognitive performance in athletes. In the present study, we 
investigated the effects of 24 days of bright light treatment on cog- 
nitive performance in professional athletes. The bright light was 
administered transcranially toward the brain via the ear canals. 
The ear canals offer the closest access to the brain via the trans- 
parent tympanic membrane and temporal bone. Importantly, the 
ear canal avoids two of the most light-absorbing tissues in the 
human body, namely the skin and blood. However, ambient light 
is able to penetrate the mammalian skull (Ganong et al., 1963), 
and according to recent studies, brain tissue seems to be sen- 
sitive to direct light and the lack of it during the dark time of 
the year (Kojima et al., 2011; Starck et al., 2012; Timonen et al., 
2012). 

Improvement in psychomotor performance after acute bright 
light exposure has been shown to be moderately associated with 
melatonin suppression (Chellappa et al., 201 1). However, conven- 
tional bright light exposure during the day still improves cognitive 
performance when melatonin is undetectable, suggesting that 
improved performance is not only mediated via the melatonin 
suppression pathway but also via other mechanisms (Phipps- 
Nelson et al., 2003; Ruger et al., 2005). In our recent study, acute 
transcranial bright light exposure did not affect melatonin levels 
measured during day and night time hours (lurvelin et al., 2012). 
Therefore, it is not supposed that melatonin suppression could 
explain the present finding, but that other potential non-visual 
pathways are involved. 

The cascade, which converts photic energy into neural 
responses, is called phototransduction. Recent studies show that 
potentially photosensitive opsins are not only expressed in the 
mammalian retina, but also widely in the human brain (Kojima 
et al, 2011; Nissila et al, 2012). At least, encephalopsin (OPN3), 
melanopsin (OPN4), and neuropsin (OPN5) are expressed in 
mice and human brains at mRNA and/or protein levels (Kojima 
et al, 201 1; Hawrylycz et al., 2012; Nissila et al, 2012). It is inter- 
esting that encephalopsin and melanopsin are expressed in high 
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Table 1 | Effects of bright light treatment and sham treatment on psychomotor speed n = 11 for both groups and group x time (treatment) 
interaction adjusted for age. 
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FIGURE 2 I The effects of bright light treatment via ear canals on the reaction time (A) and the motor time (B) to visual stimulus. 



quantities in the cerebral cortex, hypothalamus, and cerebellum, 
which is known to modulate e.g., motor function and atten- 
tion (Stoodley and Schmahmann, 2010). A significant amount 
of light penetrates the skull bone and reach the brain (Ganong 
et al., 1963), and non-visual phototransduction via the opsins 
pathway are one plausible explanation for the present findings 
of improved alertness and cognitive performance in professional 
athletes. However, more studies on the existence and function of 
opsins in the human brain are warranted. 

The most advanced bright light exposure studies are using 
fMRI techniques to study in more detail the effects of bright 
light treatment on various brain areas ("Vandewalle et al., 2006, 
2007a,b, 2010, 2011). In these studies the effects of bright light 
exposure have been shown to be dependent on duration, pho- 
ton density, and wavelength ("Vandewalle et al., 2009). Blue- 
enriched light is the most powerful wavelength of light resulting 
in activation of various brain areas, including e.g., the brain- 
stem ("Vandewalle et al, 2007b), the hypothalamus (Perrin et al, 
2004), and the thalamus (Vandewalle et al, 2006, 2007a,b), 
which relay sensory and motor signals to the cerebral cor- 
tex in humans (Portas et al., 1998). Blue-enriched light was 
also used in the present study. Starck et al. recently showed 
acutely increased functional connectivity in lateral visual and 



sensorimotor networks in a transcranial bright light group com- 
pared with a sham group by using blood oxygen level dependent 
(BOLD) fMRI techniques. These findings were detected during 
blinded, sham-controlled, 8-min transcranial bright light expo- 
sure of the brain via the ear canals inside a MRI scanner (Starck 
et al., 2012). The interesting fact is that the changes in fluctuation 
that occurred in the visual and motor cortex are in accordance 
with the findings of the present study. This preliminary and novel 
finding by Starck et al. supports the present study, where par- 
ticularly the motor component of cognitive performance was 
improved in response to the visual stimulus. It is also possi- 
ble that the results of the present study highlight differences in 
visual vs. auditory cue processing rather than the motor reac- 
tion time. However, more studies on these potential differences 
are warranted. 

LIMITATION 

The number of subjects in the present study was small which 
limits the statistical power of the results. However, we wanted to 
perform the study with one professional athletic team, since train- 
ing load, competitions, and travel are virtually identical within 
the team. Our principle finding on group-differences in abso- 
lute changes in the motor time to visual stimulus was statistically 
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significant only when adjusted for age, although evident tendency 
was observed without adjustments. We considered adjustment for 
age relevant because of the previous findings on declining motor 
speed with aging and significant correlation between the change 
of motor time to visual stimulus and age (r = 0.62, p = 0.044), 
despite age did not differ between the treatment and sham groups. 
However, evident group-differences were observed in the relative 
changes in the motor time to visual stimulus also without adjust- 
ments for age, supporting the present conclusions. The fMRI 
measurements would have been important information on physi- 
ological mechanisms of light in pre and post-condition. However, 
this was not possible due to the extreme busy time schedule of 
the athletes. Some improvements could be partly explained with 
learning and/or placebo effects. We told the subjects that effec- 
tive/treating wavelengths of light are not necessarily visible and it 
is not possible to decide externally whether the treatment device 
is a sham or not. However, the subjects knew that this study is 
bright light study and therefore some subjects may know their 
group membership. 

CONCLUSION 

Transcranial bright light treatment via the ear canals may 
improves motor time with a visual warning signal in elite athletes, 
suggesting that brain tissue is responsive to direct light exposure. 
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